Warren (2005) developed a measure of state-level high school completion rates using data from the Common Core of Data (CCD). In contrast to other CCD-based measures of states' high school completion rates, Warren's (2005) Fourth, we will conduct empirical analyses that are designed to assess whether one's choice of measure-Warren's ECR, Swanson's CPI, Greene's ACR, the Department of Education's AFGR-makes any substantive difference for empirical investigations of the correlates of high school completion rates. Some observers have noted that the methodological differences between the ECR, the CPI, the ACR, and the AFGR are largely a matter of academic debate, and that all of the measures yield more or less equivalent estimates. Warren (2005) begins to show that this is not the case, but we will take up the issue more seriously. Does the relationship between states' race/ethnic composition (for example) and states' high school completion rates depend on how the latter concept is measured? Are our estimates of the effects of state education policies, states' economic circumstances, or other factors on states' high school completion rates dependent on how states' graduation rates are measured?
secondary education credential; it is a measure of the rate at which people succeed in obtaining a public high school diploma. 4 Following Hauser (1997) , there are several desirable technical properties of any good measure of the rate of high school completion. Three are particularly relevant here. First, such measures should have face validity. For example, if every student in a particular incoming cohort in a particular state goes on to obtain a high school diploma then the high school completion rate for that cohort in that state should equal 100%. As I will demonstrate, widely-used and much-publicized measures of state-level high school completion rates fail to meet this basic standard. Second, such measures should "be consistent with a reasonable understanding of the process or processes that it purports to measure" and "should pertain to a well-defined population and set of events." For present purposes, a good measure of state-level high school completion rates should pertain to specific cohorts of incoming students (e.g., students who first entered the 9 th grade in 1988) and should adequately account for such issues as migration, changes over time in the size of incoming cohorts, mortality, and grade retention. Finally, such measures should be statistically robust: Good measures of state-level public high school completion rates should be based on enough observations to allow statistically sound comparisons across states and across cohorts of the rate at which incoming students complete public high school.
Current Measures
Existing measures of annual state-level high school completion and dropout rates come from one of only two sources of data: the Current Population Survey (CPS) and the Common Core of Data (CCD). 5 The CPS is a monthly survey of more than 50,000 households, and is conducted by the Bureau of the Census for the Bureau of Labor Statistics. Households are selected in such a way that it is possible to make generalizations about the nation as a whole, and in recent years about individual states and other specific geographic areas. Individuals in the CPS are broadly representative of the civilian, non-institutionalized population of the United States. In addition to the basic demographic and labor force questions that are included in each monthly CPS survey, questions on selected topics are included in most months. Since 1968 the October CPS has obtained basic monthly data as well as information about school enrollment-including current enrollment status, public versus private school enrollment, grade attending if enrolled, most recent year of enrollment, enrollment status in the preceding October, grade of enrollment in the preceding October, and high school completion status. In recent years the October CPS has also ascertained whether high school completers earned diplomas or GED certificates.
The Common Core of Data, compiled by the National Center for Education Statistics (NCES), is the federal government's primary database on public elementary and secondary education. Each year the CCD survey collects information about all public elementary and secondary schools from local and state education agencies. One component of the CCD-the State Nonfiscal Survey-provides basic, annual information on public elementary and secondary school students and staff for each state and the District of Columbia. CCD data from the State Nonfiscal Survey includes counts of the number of students enrolled in each grade in the fall of each academic year and the number of students who earned regular diplomas, who earned other diplomas, and who completed high school in some other manner in the spring of each academic year. Although the State Nonfiscal Survey has collected counts of public school dropouts since the 1991-1992 academic year, as described below many states have not provided this information or have provided it in a manner inconsistent with the standard CCD definition of dropout (U.S. Department of Education, 2000) .
Measures Based On CPS Data
Estimates of high school completion and dropout have historically been based on CPS data. CPS-derived event dropout rates report the percentage of students in a given age range who leave school each year without first obtaining a diploma or GED. For example, 4.8% of 15 to 24 year olds who were enrolled in high school in October 1999 left school by October of 2000 without obtaining a diploma or GED. CPS-derived status dropout rates report the percentage of people within an age range-typically ages 16 to 24-who are not enrolled in school and who have not obtained a diploma or GED. In October 2000, about 10.9% of 16 to 24 year olds were not enrolled in school and did not have a diploma or GED (U.S. Department of Education, 2001a) . Conversely, CPSbased high school completion rates reflect the percentage of 18-through 24-year-olds who have left high school and earned a high school diploma or the equivalent, including a GED (e.g., Federal Interagency Forum on Child and Family Statistics, 2005; U.S. Department of Education, 2001a) . For example, as of October 2002 87% of 18-to 24-year-olds who had left school reported that they had earned a high school diploma or a GED.
For present purposes there are a number of conceptual and technical problems with CPSderived measures of high school dropout and completion, particularly when computed at the state level. First and foremost, the sample sizes for some states are not large enough to produce reliable estimates of rates of high school completion or dropout (Kaufman, 2001 ; U.S. Department of Education, 2000) . Even when data are aggregated across years-for example, in the Annie E. Casey Foundation's Kids Count (2004) measure-the standard errors of estimates for some states are frequently so large that it is difficult to make meaningful comparisons across states or over time. What is more, by aggregating across years the resulting measure no longer pertains to specific cohorts of incoming students; this is a serious problem for researchers interested in the effects of state education policy reforms that typically take effect for specific cohorts of students.
Second, until 1987 it was not possible to distinguish high school completers from GED recipients in the CPS; since 1988 October CPS respondents who recently completed high school have been asked whether they obtained a diploma or GED, but there are serious concerns about the quality of the resulting data (Chaplin, 2002; Kaufman, 2001) . Third, as noted by Greene (2002) , " [status] dropout statistics derived from the Current Population Survey are based on young people who live in an area but who may not have gone to high school in that area" (p. 7). To the extent that young people move from state to state after age 18, CPS-based state-level high school dropout rates-particularly status dropout rates based on 16 to 24 year olds-may be of questionable validity (see also U.S. Department of Education, 1992) . 6 Fourth, some observers have expressed concern about coverage bias in the CPS, particularly for race/ethnic minorities. The CPS is representative of the civilian, non-institutionalized population of the United States, and so young people who are incarcerated or in the military are not represented. To the extent that these populations differ from the rest of the population with respect to frequency and method of high school completion, there is the potential for bias in estimates. Finally, substantial changes over time in CPS questionnaire design, administration, and survey items have made year-to-year comparisons difficult (Hauser, 1997; Kaufman, 2001) .
For these reasons, the state-level high school completion rate measure that I construct is based primarily on CCD data, not on CPS data. In the sections that follow I describe existing techniques for estimating state-level high school completion rates using CCD data. Each technique has serious conceptual shortcomings and is subject to random data errors, and below I demonstrate that each technique also yields systematically biased estimates. The CCD-based measure that I subsequently develop is still subject to random data errors, but overcomes major conceptual shortcomings and is thus much less systematically biased.
Measures Based on Common Core Data I: The NCES Completion Rate (NCES)
Since the early 1990s NCES has asked state education agencies to report the number of students who drop out in each year; state-level dropout rates have been part of the CCD beginning with the 1992-1993 data collection (U.S. Department of Education, 2002b) which asked about the 1991-1992 academic year. On October 1 of each year the NCES asks states to define as a dropout any student who (1) was enrolled at any point during the previous academic year, (2) was not enrolled at the beginning of the current academic year, and (3) has not graduated or completed an approved education program (e.g., obtained a GED). Students are not counted as dropouts if they died, if they are absent from school for reasons of health or temporary suspension, or if they transfer to another jurisdiction. NCES then computes annual event dropout rates by dividing the number of 9 th through 12 th grade dropouts by the total 9 th through 12 th grade enrollment as of October 1. Using these dropout data, NCES also reports a 4-year high school completion rate as: 
Under this formulation, high school completers include students who receive regular diplomas, students who receive alternative (non-standard) diplomas, and students who complete high school in some other manner. However, regular diploma recipients comprise almost 99% of all high school completers (U.S. Department of Education, 2002a). A conceptual problem with this measure stems from the fact that many students drop out of school in one academic year, only to reenroll in subsequent years. It is possible, then, for some students to be counted as dropouts more than once in the denominator of Equation 1; it is also possible for students who are counted as dropouts in the denominator to also be counted as high school completers in the numerator.
Beyond these conceptual problems, NCES dropout and high school completion measures have serious practical limitations. First, event dropout rates are available beginning only with academic year 1991-1992 (U.S. Department of Education, 2002a) , and so completion rates are available beginning only in 1995-1996, making analyses of historical trends difficult. Second, many states do not report these dropout rates, and others report them in a manner that does not correspond with the NCES dropout definition (U.S. Department of Education, 2002a). As a result, for academic year 1999-2000 dropout rates are available for only 36 states and the D.C. and high school completion rates are available for only 32 states (U.S. Department of Education, 2002b).
7
Measures Based on Common Core Data II: Basic Completion Rates (BCR-9 and BCR-8)
As described above, CCD data include (1) counts of the number of public school students who are enrolled in each grade at the beginning of each academic year and (2) counts of the number of public school students who complete high school each spring. Using these two sets of figures, it is intuitively appealing to compute a Basic Completion Rate (BCR-9) by simply comparing the number of enrolled public school 9 th graders in the fall of one academic year to the number of high school completers three academic years later, when that cohort of 9 th graders should have obtained diplomas. If we do so, the Basic Completion Rate is: 
Indeed Haney (2000; has used exactly such a measure in highly publicized and muchcited work on the impact of state high school exit examinations on rates of high school completion. The BCR is purportedly a measure of the overall high school completion rate, not a measure of the four-year high school completion rate. However, the BCR has at least four problems, each of which induces systematic bias in the measure.
The first problem with the BCR has to do with migration. Students who appear as 9 th graders in a state in the fall of academic year X may move to another state before the spring of academic year X+3; they may be replaced by (a smaller or larger number of) students who are counted among the number of high school completers in the spring of academic year X+3 but who lived in another state in the fall of academic year X. A second problem with the BCR has to do with grade retention. If we are interested in the number of incoming 9 th graders who go on to complete high school, then measures like the BCR are problematic to the extent that the denominator includes 9 th graders who are enrolled in the 9 th grade in more than one academic year; essentially, such measures count retained 9 th graders in the denominator for more than one year but in the numerator a maximum of one time. As I demonstrate below in a series of simulations, each of these first two issues call into question the validity of the BCR as a measure of state high school completion rates. In recent work, Haney and colleagues (2004) have tried to overcome the grade retention problem by using the number of 8 th graders enrolled in academic year X-4 as the denominator (which I will refer to as BCR-8). Since many fewer students are made to repeat 8 th grade than are made to repeat 9 th grade, this partially alleviates the grade retention bias; however, the longer time horizon exacerbates the migration bias. A third problem with the BCR has to do with mortality: Students who die before they complete high school are counted as dropouts. A fourth problem has to do with students who 7 These data problems are related to states' own widely disparate efforts to measure rates of high school completion and dropout. As noted recently by the National Governors Association in its Compact on State High School Graduation Data "the quality of state high school graduation and dropout data is such that most states cannot fully account for their students as they progress through high school. Until recently, many states had not collected both graduation and dropout data, and those that have collected these data have not generally obtained accurate information (National Governors Association 2005a) ." are in un-graded (frequently special education) programs and who might be counted as high school completers in the numerator but not as 9th graders in the denominator. Because less than 0.2% of young people die during the modal ages of high school enrollment (Arias, 2002) and because the percentage of students in un-graded programs in any given state is also usually very low-typically about 2% in 1986-1987 and about 1% in 1999-2000-I 
Note that the AFGR differs from the BCR measures by limiting the numerator to regular high school diplomas; other types of high school diplomas or completions are ignored. The averaging in the denominator is "intended to account for higher grade retentions in the ninth grade" (U.S. Department of Education, 2006, p. 1) . As demonstrated in a series of simulations below, the AFGR does not, in fact, accomplish that goal. What is more, the AFGR does nothing to account for migration or other systematic biases that are common to CCD-based measures of states' high school completion rates. Greene and Winters (2002; 2005) have constructed two distinct sets of state-level high school completion rates by dividing the number of regular diplomas-again, not the total number of diplomas-issued by public schools in each state by an estimate of the number students at risk of receiving those diplomas. Greene and Winters (2002) 
Measures Based on Common Core Data IV: Adjusted Completion Rate (ACR I and ACR II)
and 
As with the AFGR, "smoothing" the 9 th grade enrollments is designed to minimize the bias introduced by grade retention. The migration adjustment in the 2002 estimates (which I will refer to as ACR I) is designed to account for bias introduced by net migration between academic years X-3 and X. The authors revised their migration adjustment for the 2005 estimates (ACR II) such that 
As I will show below in a series of simulations, these adjustments produce valid state-level completion rates only under very specific (and relatively unlikely) demographic circumstances. Although ACR I and ACR II are intended to adjust for the two major problems in completion rates like the BCR, as I show below the details of the ACR I actually produce less valid results than the BCR under most circumstances and the ACR II suffers from the same 9 th -grade-retention-induced biases as the BCR and the ACR I.
What is more, because states differ among themselves and over time with respect to whether and how they differentiate between "regular diplomas," "other diplomas," and "other high school completers," the AFGR and ACR measures include a new form of potential bias by restricting the numerator to "regular diplomas." For example, in the CCD data the number of regular diplomas issued in New York fell by 7% from 165,379 in 1988 to 154,580 in 1989-apparently reflecting a dramatic one year change in the number of high school completers. However, the total number of high school completers in New York fell by only about 4% from 165,379 in 1988 to 157,678 in 1989-reflecting much less change. This is because the CCD data report that 3,098 "other diplomas" were issued in New York in 1989, while none were issued in 1988. It is clear that this is a change in classification, not a change in reality. In producing our own state-level completion rates we follow NCES and other researchers by combining these types of diplomas (and by continuing to exclude GED recipients from the category of high school completers).
Measures Based on Common Core Data V: Cumulative Promotion Index (CPI)
Swanson (2003) recently proposed an innovative method for calculating a state-level fouryear high school completion rate which "approximates the probability that a student entering the 9th grade will complete high school on time with a regular diploma. It does this by representing high school graduation rate [sic] as a stepwise process composed of three grade-to-grade promotion transitions (9 to 10, 10 to 11, and 11to 12) in addition to the ultimate high school graduation event (grade 12 to diploma)" (p. 14). Specifically, the Cumulative Promotion Index is: E equals the number of 12 th graders enrolled in the fall of academic year X. The author notes that this approach "estimates the likelihood of a 9 th grader from a particular district completing high school with a regular diploma in four years given the conditions in that district during the [given] school year" (p. 15; emphasis in original). Swanson (2003) argues that this measure has the virtues of being timely and reflective of current education system performance because it requires data from only two academic years. As I will demonstrate below, the CPI is systematically biased except when there is no net student migration between geographic units. What is more, the CPI shares with the AFGR and the ACR measures the technical weakness of including only regular diploma recipients in the numerator; in his defense, Swanson's (2003) includes only regular diploma recipients in his four-year high school completion rate because this is what is required under the AYP provisions of No Child Left Behind.
As described in more detail below, the measure that I introduce-the Estimated Completion Rate (ECR)-begins with the BCR and then introduces adjustments to the denominator to account for grade retention and migration. The ECR conceptually represents the ratio of the number of diplomas that are issued in a state in a particular year to the number of students at risk of obtaining those diplomas. As discussed below, the ECR is not completely unbiased, but the magnitude of the bias in the ECR is considerably smaller than the biases in the measures reviewed above. All CCDbased measures are subject to a certain amount of random error (resulting from reporting errors, for example), and all are subject to a common set of systematic error (as described below). However, the ECR overcomes the two most serious forms of systematic error in CCD-based measures by accounting for 9 th grade retention and state-to-state migration in an empirically sound manner. Table 1 presents a series of simulations of enrollment counts, high school completer counts, and high school completion rates in one geographic area over ten academic years. For demonstration purposes, the first three simulations stipulate that every single student obtains a high school diploma. By design, then, valid measures of overall high school completion rates should report a 100% completion rate for every academic year in these simulations; four-year completion rates (the CPI) may be less than 100% in the presence of grade retention (which would delay students' graduation). The first three simulations differ only with respect to assumptions about changes over time in the numbers of incoming 8 th graders, net migration rates, and grade retention rates. Each of these three simulations begin with 1,000 students entering the 8 th grade for the first time in the fall of the 1994-1995 academic year and follows that and subsequent cohorts of students over ten academic years under a variety of assumptions about cohort sizes, net migration, and grade retention.
Evaluating Measures Based on Common Core Data
Panel A of Table 1 simulates a situation in which the size of the incoming 8 th grade cohort increases by 3% annually, from 1,000 in 1994-1995 to 1,030 in 1995-1996 and so forth; there is no net migration, no students are ever retained in grade, and all students obtain a high diploma. Given these parameters, all of the 1,000 students who enter 8 th grade in the fall of 1994 progress to the 9 th grade in the fall of 1995, to the 10 th grade in the fall of 1996, to the 11 th grade in the fall of 1997, and to the 12 th grade in the fall of 1998, and all 1,000 receive diplomas in the spring of 1999. The incoming cohort of 8 th graders in fall 1995 enjoys similar success, such that all 1,020 obtain regular diplomas in spring 2000. As reported at the bottom of the panel, each of the CCD-based completion rates correctly reports a 100% high school completion rate-except the ACR I. The ACR I equals 109% under these conditions. In general, if the annual change in the size of 8 th grade cohorts equals X (e.g., 0.03 in Panel A), then the ACR I equals the true rate times (1+X) 3 . Panel B of Table 1 simulates a situation in which the net migration rate equals +2% at each grade level, such that the number of students in each grade and in each year grows by 2% during the course of the academic year because more students move into the geographic than leave it. Here there is no annual change in the size of incoming cohorts of 8 th graders, no students are ever retained in grade, and no student drops out. Under this scenario, most of the CCD-based high school completion rates are biased. The BCR-8 yields a 110% completion rate, while the other measures each yield a 108% completion rate. In general, if the annual net migration rate is expressed as proportion Y, then the BCR-9, the AFGR, the ACR I, and the CPI yield completion rates that equal the true rate times (1+Y) 4 . Note that if the net migration rate is negative then each of these measures will be downwardly biased. In the end only the ACR II and the ECR are not biased by net migration.
Panel C of Table 1 presents a simulation in which the percentage of 9 th graders made to repeat the 9 th grade begins at 5% in 1994-1995 and then rises by 3% each subsequent year. Here there is no annual change in the size of incoming cohorts of 8 th graders, there is no net migration, and every student obtains a high school diploma. Although 1,000 students enter the 9 th grade for the first time in each academic year, not all of them move on to the 10 th grade in the succeeding academic year. Consequently, the observed number of 9 th graders in each year is higher than the number of new, incoming 9 th graders in that year. Except for the BCR-8 and the ECR, each of the CCD-based measures of overall high school completion rates described above is downwardly biased when any 9 th graders are retained-even though all incoming 9 th graders end up completing high school.
9 This is because the biased measures count retained students in their denominators twice (once in the year in which they first entered the 9 th grade and once in the following year) but in their numerators only once. The fact that more students repeat 9 th grade than any other high school grade-combined with recent claims that rates of 9 th grade retention are increasing (Haney et al., 2004) -is troubling, since retention in the 9 th grade has such deleterious consequences for the validity of all of these measures with the exception of the BCR-8 and the ECR. 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
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Fall Enrollment, Grade 8 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 Fall Enrollment, Grade 9 1,000 1,000 1,000 1,000 1,000 1,000 1,000 Table 1 simulates a situation in which 5% of 9 th graders drop out of school during the academic year. Under this scenario, I have specified no change in the size of 8 th grade cohorts, no net migration, and no grade retention. Thus, unbiased measure of high school completion rates should equal 95%. As shown in Table 1 , all measures except the AFGR and the ACR II do equal 95%. The AFGR and the ACR II each equal 97% under these conditions.
The simulations in Table 1 make the point that CCD-based high school completion rates like those reviewed above-including newer and "improved" measures introduced by Greene and Winters (2005) and the U.S. Department of Education (2006)-are systematically biased. The ACR I is uniquely biased by changes in the size of incoming cohorts of 8 th graders; the BCR-8, the BCR-9, the AFGR, the ACR I, and the CPI are systematically biased by migration; the BRC-9, the AFGR, the ACR I, the ACR II, and the CPI are systematically biased by 9 th grade retention; and the AFGR, the ACR I, and the ACR II are systematically biased by 9th grade high school dropout. The direction and magnitude of these biases depend on the configuration of demographic and grade retention patterns in particular states in particular years. Beyond misrepresenting the absolute rates of states' high school completion, this means that these measures also misrepresent differences across states and trends over time in high school completion rates-unless net migration, the size of incoming cohorts of 8 th graders, and rates of 9 th grade retention remain stable over time and across states. What is more, as I will show below these alternate measures produce substantively different results in empirical analyses.
A New Method for Measuring States' High School Completion Rates
In this section I describe a new CCD-based measure of state-level high school completion rates-labeled the Estimated Completion Rates (ECR)-that I have computed for the graduating classes of 1975 through 2002. As shown in Table 1 , this new measure produces estimates of the rate of public high school diploma acquisition that are not systematically biased by migration, grade retention, or changes over time in incoming cohort sizes. After describing the construction of this new measure I employ it for the purposes of comparing high school completion rates across states and over time.
The ECR conceptually represents the proportion of incoming public school 9 th graders in a particular state and in a particular year who go on to obtain a high school diploma (and so it is an overall completion rate, not a four-year completion rate). The ECR is computed as 
For reasons described above, the numerator in Equation 10 is the total number of public high school completers (excluding GED recipients), regardless of whether completers earned regular diplomas, earned "other diplomas," or completed high school in some other way. Historically about 99% of completers have earned regular diplomas. The denominator begins with an estimate of the number of first-time 9 th graders in each state and in each academic year and then adjusts those estimates to account for net migration (and, incidentally, mortality th graders the following academic year. Column 4 in Table 2 reports the total number of 9 th graders in academic year X+1 that we might expect on the basis of the total numbers of 8 th and 9 th graders in academic year X and the percentage of 9 th graders retained after academic year X. So, for example, in the fall of 1994 in Massachusetts there were 64,097 8 th graders and 66,707 9 th graders; 6.3% of those 9 th graders were retained. We would expect, then, that the total number of 9 th graders in the fall of 1995 in that state would equal the number of 8 th graders in the fall of 1994 plus 6.3% of the number of 9 th graders in the fall of 1994: So, 64,097 + (0.063)(66,707) = 68,300. It is then possible to compare that estimate to the observed total number of 9 th graders in academic year X+1 (shown in column 5). Column 6 reports that the expected total number of 9 th graders in academic year X+1 falls within 2 percentage points of the observed number in all three states and in each academic year for which requisite data are available-even before accounting for migration or mortality. This suggests that for these states in these years, the reported 9 th grade retention rates are quite plausible. Column 7 reports the estimated number of first-time 9 th graders for these states in these selected years. These estimates are based on the number of 9 th graders in the previous year, the number of 9 th graders in the current year, and the 9 th grade retention rate the previous year. So, for example, the estimated number of first-time 9 th graders in Massachusetts in the fall of 1995 equals the total number of 9 th graders in that state in that year (68,623) minus the product of the total number of 9 th graders the previous academic year (66,707) times the percentage of 9 th graders retained the previous year (6.3%): 68,623-(66,707 x 0.063) = 64,420. That is, using plausible data on the 9 th grade retention rate in Massachusetts after the 1994-1995 academic year I estimate that there were 64,420 first-time 9 th graders in Massachusetts in the fall of 1995. The ECR uses the number of 8 th graders in academic year X as an estimate of the number of first-time 9 th graders in academic year X+1. How good is this estimate? Column 8 in Table 2 demonstrates that the number of 8 th graders in academic year X falls within 2.2 percentage points of the estimated number of first time 9 th graders in each state and academic year considered.
(1) Although the number of 8 th graders in one academic year appears to be a pretty good estimate of the number of new 9 th graders the following academic year, there are four potential sources of error inherent in this estimation procedure. The first is random error: random data collection/recording errors are inherent in large administrative data sets, and the CCD is no exception. The second source of error is more systematic and has to do with migration: The number of 8 th graders in a state in academic year X is only equal to the number of first-time 9 th graders in academic year X+1 if no 8 th graders die and if net migration of 8 th graders equals zero. As described below, however, the migration adjustment in the ECR accounts for inter-state migration (and mortality) between grades 8 and 9. The third potential source of error introduced by this technique for estimating the number of first-time 9 th graders has to do with 8 th grade retention. Although 8 th grade retention rates are low it is nonetheless true that 8 th grade retention downwardly biases the ECR; this is also true of the BCR-8. However, unlike the other measures reviewed above the ECR is not biased by 9 th grade retention. Given that rates of retention are much higher after the 9 th grade than after the 8 th grade, the extent of downward bias in the ECR introduced by 8 th grade retention is vastly smaller in magnitude than the extent of bias in other measures introduced by 9 th grade retention. A fourth and final potential source of error in this procedure for estimating the number of first-time 9 th graders has to do with students transitioning from private school to public school (or vise versa) between grades 8 and 9. This bias will only be large, however, when there are high rates of net migration between public and private schools between grades 8 and 9. Separate analyses of 2000 U.S. Census data (the results of which are not shown) indicate that in only 9 states did the percentage of 5 th -8 th graders attending private schools differ from the percentage of 9 th -12 th graders attending private school by as much as 2 percentage points. In the end this technique for estimating the number of first-time 9 th graders is slightly downwardly biased by 8 th grade retention and slightly biased (upwardly or downwardly) by net migrations of 8 th graders into or out of private schools.
Adjusting for Migration
Similar to the ACR II, the adjustment for migration in the denominator of the ECR is based on a comparison of the total population of 17 year olds-the modal age of fall 12 th graders-in a state on July 1 of one year to the total population of 13 year olds-the modal age of fall 8 th graders-in that state on July 1 four years earlier. These estimates are derived from published, annual state-by-age population estimates produced by the Population Division of the U.S. Bureau of the Census (U.S. Bureau of the Census, 2001a Census, , , 2001b Census, , , 2002 which are readily available for all years between 1970 and 2003. For example, there were 402,721 people age 13 in California on July 1 of 1970. In that state in 1974 there were 407,812 people age 17-a +1.3% net increase. To improve the reliability of these estimates, I have computed three year moving averages. 10 The net migration estimate for California for the graduating class of 1980 thus represents the point estimates for the classes of 1979 through 1981.
11 Again, these migration estimates are subject to random error; however, their degree of systematic bias is small. In any case, these estimates are preferable to either ignoring migration or to using systematically biased estimates of migration.
There are three potential problems with this technique for estimating migration rates. The first issue is that these migration estimates pertain to the net change in the population size of all 13 year olds over the ensuing four years-not to net change in the population size of all 13 year old students. However, more than 98% of 13 year olds are enrolled in school; consequently, the empirical biases resulting from this conceptual issue are likely trivial. The second issue is that these estimates cover only four years of migration between ages 13 and 17 (and implicitly between the beginning of grades 8 and 12). Surely there is some migration among high school students between ages 17 and 18 (implicitly during the senior year of high school), and this migration is missed in my estimates. Although it is possible to use the Census Bureau's population figures to estimate migration between ages 17 and 18, these estimates would capture a great deal of inter-state migration among 18 year olds who are moving for the purpose of attending college or taking jobs out of state. Consequently, my estimated migration rates are likely a bit conservative (although the direction of bias depends on whether net migration is positive or negative within states). The third issue is that this technique counts international in-migrants who come to the U.S. between ages 13 and 17-but never enroll in high school-as non-completers. As I show below, this exerts modest downward bias on the ECR, particularly in states with high levels of international in-migration.
Above and beyond the technical issues involved in estimating the number of first-time 9 th graders and adjusting for migration, a potential technical weakness of the ECR more generally concerns its treatment of students who are made to repeat any high school grade other than grade 9. Students enrolled in the 9 th grade in academic year X-3 who are made to repeat one grade during high school are not at risk of completing high school in the spring of academic year X-but they may still complete high school in academic year X+1. Consequently, the ECR may seem like a downwardly biased estimator of high school completion rates. However, consider the fact that students enrolled in the 9 th grade in academic year X-3 who are made to repeat one grade during high school are at risk of completing high school in the spring of academic year X+1. What this means is that as long as grade retention rates do not change dramatically from year to yearregardless of their absolute levels-the ECR suffers from only a very small degree of bias.
12 What is more, the ECR is not biased by changes in 9 th grade retention rates (as shown in Table 1 )-only by changes in retention rates in grades 10 through 12. In short, extreme annual changes in grade retention rates in grades 10 through 12-but not the grade retention rates themselves-produce very small biases in the ECR (but very large biases in the other CCD-based measures reviewed above).
The ECR: An Example
To illustrate the computation of the ECR in practice, consider that there were 65,724 students in 8 th grade in Massachusetts in the fall of 1995-and thus I presume that there were 65,724 first-time 9 th graders in Massachusetts in the fall of 1996-and that there were 52,950 high school completers in that state in 2000 (all according to CCD data). However, the population of 17 year olds in Massachusetts on July 1 of 1999 was 3.18% larger than the population of 13 year olds in that state in 1995. Consequently, I estimate that 65,724 x 1.0318 = 67,814 individuals were actually at risk of completing high school in Massachusetts in the spring of 2000. The ECR thus equals %. 1 . 78 814 , 67 = =
52,950 ECR

Validating the ECR
Although the ECR is designed to produce valid estimates of state-level public high school completion rates, it is worth asking how national estimates derived from the ECR compare to high school completion rates derived from longitudinal surveys of students-surveys in which we actually observe the percentage of students who obtain a high school diploma among those at risk of doing so. For example, the National Educational Longitudinal Study of 1988 (NELS-88) is a longitudinal study of more than 25,000 students who were 8 th graders in the spring of 1988 (U.S. Department of Education, 2002c). If I restrict the NELS-88 sample to public school students who were included in the 1994 follow-up survey, I find that 79.6% of respondents completed high school (except via GED certification) by 1992 (which is to say, within four academic years). For the graduating class of 1992 the ECR equals 74.4%. However, because the migration component of the ECR-which equals +5.35% in 1992-reflects patterns of international migration that are not captured in NELS-88, 13 a more reasonable comparison would be to the ECR without including the migration adjustment. For 1992, the ECR without including the migration adjustment equals 78.4%. That is, if we compare conceptually similar rates we observe that the NELS-88 figure and the modified ECR differ by about one percentage point; none of the other measures described above as closely approximate the experience of the NELS-88 cohort; the CPI, for instance, equals 71.2% in 1992. Table 3 reports the ECR by state and year of high school completion. Figure 1 depicts national high school completion rates as reflected by the BCR-9 and by the ECR for the graduating classes of 1975 through 2002. Both estimators show that the high school completion rate in the United States has generally declined over this period. The ECR is 3.8 percentage points higher than the BCR-9 in 1975 and 4.2 percentage points lower by 2000. While one or two percentage points may seem substantively trivial, one should keep in mind that more than three and half million students are in the denominator nationwide each year. One percentage point in these rates is a difference of about 35,000 young people nationwide. This means that in 2002 the BCR-9 and ECR estimates of the number of non-completers differed by about 140,000 students nationwide.
State-Level High School Completion Rates, 1975-2002
For any particular state in any particular year, whether the ECR yields substantially higher or lower estimates than the BCR-9 or other measures is a largely a function of how much 9 th grade retention and net migration those states experience. For states with low 9 th grade retention rates and low net migration the ECR is virtually equivalent to the BCR-9 and to other measures. However, in states with high rates of 9 th grade retention and/or high levels of net migration the ECR can produce very different estimates. For example, Figure 2 plots the BCR-9 and the ECR for Nevada for the graduating classes of 1975 through 2002. Because Nevada has experienced very high rates of net inmigration annually-the population of 17 year olds is often more than 15% larger than the population of 13 year olds four years earlier-the ECR is as much as five to ten percentage points lower than the BCR-9 in many years. In contrast, New York experienced moderate net outmigration until the mid-1980s and has experienced moderate net in-migration ever since then. The consequence, as shown in Figure 3 , is a gradual narrowing of the gap between the ECR and the BCR-9 over time. The BCR-9 equals the number of high school completers (not including GED recipients) in spring of academic year X divided by the number of 9th graders in fall of academic year X-3. The ECR adjusts the denominator to account for net migration and 9th grade retention. See text for details.
The point that the ECR can sometimes portray a very different picture about individual states' high school completion rates is made more dramatically by comparing states' relative rankings on the BCR-9 and the ECR. The X-axis of Figure 4 arrays states according to their ranking on the ECR for the graduating class of 2002, where 1 represents the highest completion rate in 2002 (in Wisconsin) and 51 represents the lowest completion rate (in South Carolina). The states' postal abbreviations are arrayed on the Y-axis according to the difference in relative rankings between the ECR and the BCR-9. For example, whereas Wisconsin ranked 7 th on the BCR-9 in 2002, it ranked 1 st on the ECR in that year-a difference of +6. If the BCR-9 and the ECR yielded the same relative rankings of states-regardless of differences in absolute rates 14 -then we would expect to see all of the postal abbreviations in a line on the X-axis. But this is not what Figure 4 shows. How are states like Michigan, Ohio, Maine, and Arkansas doing relative to other states with respect to high school completion rates? The answer depends on one's choice of measure. 
The ECR and Private School Enrollments and Completions
The ECR represents the percentage of incoming public school 9 th graders in a particular state and in a particular year who complete public high school by obtaining a diploma. The exclusion of private school students and graduates from the ECR could be problematic if there have been substantial changes over time in private high school enrollments and/or completions. This is particularly true if changes in private school enrollments and/or completions have occurred unevenly across socioeconomic and/or demographic groups or across geographic areas. For example, if racial inequalities in private school attendance and/or enrollment have widened over time, then the apparent decline in the ECR (and other public high school completion rates) over time may not be a reflection of real change in students' chances of completing public school.
To assess the extent to which changes in private school enrollments and completions are driving trends in the ECR, Figures 8-10 depicts trends in the percentage of 9 th through 12 th graders who are enrolled in private schools by race (Figure 7) , household head's education (Figure 8 ), and region ( Figure 9 ) and trends by geographic region in the percentage of high school completers who graduated from private schools (Figure 10) 1980 1993 1997 1999 Figure 10
Percentage of High School Graduates from Private Schools, by Region, 1977 Region, -2000 Data for Figure 10 come from CCD counts of public school completers and counts of private school completers from various years of the Private School Universe Survey which is conducted periodically by the National Center for Education Statistics (U.S. Department of Education, 2001b) .
About 9% of high school students are enrolled in private schools. This figure has not changed perceptibly since at least 1977. Whites, students whose household head attended at least some college, and students in the New England and Middle Atlantic states are more likely than their peers to attend private high schools; none of these disparities in rates of private school attendance have changed perceptibly since at least 1977. Finally, as depicted in Figure 10 , there are notable regional differences in the rate at which high school completers graduate from private schools. However, neither the overall percentage of completers graduating from private schools nor regional differences in that percentage have changed since at least 1980. There are likely many factors behind changes over time and differences across states in public high school completion rates, but changes in private school enrollments and completions likely play a very small role.
The ECR and International In-Migration
The migration adjustment to the denominator of the ECR conceptually represents the net change in the size of a given cohort between ages 13 and 17; such changes can only be the result of migration and mortality. We begin with n 13 year olds in a particular state in a particular year. Over the next four years, some of the n die, some of the n leave the state, and individuals not counted among the original n move from outside of the state-either from other states or from abroad. A potential problem with this approach to adjusting for migration concerns young people who move to the U.S. from abroad between the ages of 13 and 17 but who do not enroll in public school. These students inflate the denominator of the ECR but can never appear in the numerator, and so they reduce ECR rates. To the extent that young people immigrate to the United States between ages 13 and 17 but do not enroll in school the ECR may unfairly understate the public high school completion rate; this bias may be especially pronounced in states that experience high levels of immigration. The size of this problem is an empirical question that is addressed in Table 4 .
Columns 1 through 4 of Table 4 are based on data for 13 to 17 year olds from the 2000 U.S. Census 5% PUMS file. Column 1 reports the total number of 13 to 17 year olds in each state as of the 2000 enumeration. Column 2 reports the number of 13 to 17 year olds who were born outside of the U.S.-about 8.1% of all 13 to 17 year olds nationwide-and Column 3 reports the number of 13 to 17 year olds who were born outside of the U.S. and who came to the U.S. after age 12. About 20.3% of foreign born 13 to 17 year olds came to the U.S. after age 12. However, Column 4 shows that the vast majority of these young recent immigrants-about 73.5%-were enrolled in school in 2000. Nonetheless, in 2000 there were more than 87,000 people between the ages of 13 and 17 who immigrated after age 12 and who were not enrolled in school. If we assume that none of these young immigrants were ever enrolled in U.S. public schools, and remove them from the migration adjustment to the denominator of the ECR, the ECR in 2000 changes from 71.9% nationwide (Column 5) to 73.7% nationwide (Column 6)-an increase of 1.8 percentage points. The ECR understates the public high school completion rate by less than 1 percentage point for 28 states, but by more than 2.5 percentage points in 7 states-all of which experience high levels of international immigration. The figures in Table 4 can only be reliably computed for 2000, and should serve as a cautionary note: The ECR-as well as the ACR II (Greene & Winters, 2005) , which uses a similar migration adjustment-modestly understates public high school completion rates in states with many international immigrants who come to the U.S. between ages 13 and 17 and who do not enroll in school.
Does the Choice of Measure Drive Substantive Results?
As demonstrated above, conclusions about states' absolute and relative public high school completion rates differ depending on how states' high school completion rates are measured. Beyond these descriptive differences, it is worth considering whether different state-level measures of public high school completion perform differently in the sorts of empirical analyses in which researchers may use them. To address this issue I have estimated models of the effect of states' secondary school pupil-teacher ratios and states' unemployment rates on state-level high school completion rates using alternate measures of the dependent variable. Data on states' secondary school pupil-teacher ratios are derived from CCD data, and data on states' unemployment rates is derived from CPS data as computed by the Bureau of Labor Statistics. Briefly, we estimate a series of state and year fixed-effects models in which the 588 state-years between 1991 and 2002 are our units of analyses.
15 Our models include state and year fixed effects plus one time-varying covariate: either state secondary school pupil-teacher ratios or states' unemployment rates. These analyses are by no means complete substantive analyses; they are simply designed to investigate whether substantive conclusions might depend on how states' high school completion rates are operationalized. Table 5 reports the results of these models. The models in each column use a different measure of state-level high school completion rates: a CPS status dropout rate for 16-to-19 yearolds, the BCR-9, the ACR II, the CPI, and the ECR. Model A includes states' secondary school pupil-teacher ratios as the only time-varying covariate, and Model B includes states' unemployment rates as the only time-varying covariate. The results of Model A show that states' secondary school pupil teacher ratios are related to high school dropout/completion rates only when the ECR is used to measure states' high school completion rates. The results of Model B show that state unemployment rates are associated with lower high school completion rates-but only when the BCR-9 or the CPI are the measure of high school completion rates. In general, the results in Table 5 suggest that substantive results may depend in important ways on how state-level high school completion rates are measured. This highlights the importance of utilizing a measure that is conceptually sound and as unbiased as possible.
Discussion
In this paper I reviewed and critiqued existing state-level measures of high school completion that use CPS or CCD data. Measures based on the CPS are conceptually inappropriate for present purposes and are typically statistically unreliable because of small sample sizes in many states. Measures based on Common Core Data (CCD) dropout information are unavailable for many states and have their own conceptual weakness. As shown in a series of simulations, existing measures based on CCD enrollment and completion data are systematically biased by migration, by changes in cohort size, and/or by grade retention. The BCR-8, the BCR-9, the ACR I, the ACR II, and the CPI systematically misrepresent absolute rates of high school completion, states' relative standing with respect to high school completion rates, and trends over time in rates of high school completion.
After critiquing existing CCD-based measures I went on to describe a new measure-labeled an Estimated Completion Rate (ECR)-that uses these data to produce state-level public high school completion rates for 1975 through 2002. The ECR conceptually represents the percentage of incoming public school 9 th graders in a particular state and in a particular year who obtain any public high school diploma. This measure is not influenced by changes over time in incoming cohort sizes, inter-state migration, or 9 th grade retention. While the ECR conceptually overcomes the key systematic biases in other CCD-based high school completion rates that are produced by changes in cohort size, migration, and 9 th grade retention, its empirical accuracy hinges on the validity of the estimates of first-time 9 th graders and the migration adjustment (and, of course, on the quality of the CCD data themselves). However, as described above the ECR does a good job of approximating high school completion rates observed in longitudinal studies like NELS-88. There is certainly some degree of random error in the ECR estimates. However, the systematic biases in the ECR are far less numerous and smaller in magnitude than the systematic biases in alternate measures; indeed all of the biases inherent in the ECR are also inherent in the BCR-8, the BCR-9, the ACR I, the ACR II, and the CPI. Because different measures paint very different pictures of states' absolute and relative high school completion rates, and because (as shown in Table 5 ) the choice of measure of states' high school completion rates can affect substantive empirical results, it is important for researchers to utilize a measure of state-level high school completion rates that is as conceptually sound and as unbiased as possible. I argue that the ECR is the best choice in this regard.
While the ECR does a better job of accounting for sources of systematic bias that plague other measures that use the CCD, the ECR is certainly limited in a number of respects and will not be useful for all purposes. First, because the ECR is a measure of the overall public high school completion rate (not of the four-year completion rate) and because I do not restrict the numerator to regular diploma recipients, the ECR is not in line with the guidelines for measuring AYP in No Child Left Behind. Second, I have not computed the ECR separately by race/ethnicity (or even gender) because the CCD data do not contain race/ethnic-group specific completion counts for some states and because of the difficulties involved in producing valid and reliable group-specific migration adjustments. Third, the ECR cannot readily be computed at the school or school-district level. As a result I have not computed the ECR at geographic levels below the state, despite the need for local-level measures presented by the annual yearly progress requirements of the 2002 No Child Left Behind legislation. Fourth, as described above, the ECR modestly understates high school completion rates in the presence of 8 th grade retention and in states with high levels of international in-migration. Fifth, the ECR categorically treats GED recipients as individuals who have not completed high school. For many purposes this is a virtue of the ECR, but for other purposes it may be seen as a weakness. It is conceivable that the ECR could be amended to include GED recipients in the numerator using data from the GED Testing Service, 16 although it would be difficult to know which year GED recipients should be counted in the numerator of that revised ECR. Despite these limitations, the ECR is an improvement over other CPS-or CCD-based measures. It is subject to random error, it is modestly biased by 8 th grade retention and international in-migration, and it cannot be computed at the sub-state level. However, the other measures reviewed in this paper are also subject to the same random errors, are in some cases biased by international in-migration, and are subject to larger systematic biases as a result of inter-state migration and 9 th grade retention (which is much more prevalent than 8 th grade retention). None of these measures is perfect, but the ECR minimizes systematic bias.
The ECR-like all other CCD-based measures of high school completion-shows a disquieting trend: Since at least the mid-1970s the rate at which incoming 9 th graders have gone on to obtain a diploma has declined modestly but steadily. In the 2002, only about three of every four public school students who might have completed high school actually did so. In 10 states the public high school completion rate declined by more than 10% between 1975 and 2002; it increased in only eight states and the District of Columbia. Any number of factors may account for this trend, including (but not limited to) changes in the demographic composition of students, increases in GED certification rates, and/or changes in a wide variety of education policies. In any case, careful investigation of the sources and consequences of this trend requires a conceptually sound and empirically valid measure of high school completion rates.
